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Objective. To summarize key findings of economic evaluations of lifestyle interventions for the primary prevention of type 2
diabetes (T2D) in high-risk subjects. Methods. We conducted a systematic review of peer-reviewed original studies published
since January 2009 in English, French, and Spanish. Eligible studies were identified through relevant databases including PubMed,
Medline, National Health Services Economic Evaluation, CINHAL, EconLit, Web of sciences, EMBASE, and the Latin American
and Caribbean Health Sciences Literature. Studies targeting obesity were also included. Data were extracted using a standardized
method. The BMJ checklist was used to assess study quality. The heterogeneity of lifestyle interventions precluded a meta-analysis.
Results. Overall, 20 studies were retained, including six focusing on obesity control. Seven were conducted within trials and 13 using
modeling techniques. T2D prevention by physical activity or diet or both proved cost-effective according to accepted thresholds,
except for five inconclusive studies, three on diabetes prevention and two on obesity control. Most studies exhibited limitations
in reporting results, primarily with regard to generalizability and justification of selected sensitivity parameters. Conclusion. This
confirms that lifestyle interventions for the primary prevention of diabetes are cost-effective. Such interventions should be further
promoted as sound investment in the fight against diabetes.

1. Background

Noncommunicable diseases (NCDs) are steadily rising,
affecting both developing and developed countries. This is
a consequence not only of population aging, but also of the
nutrition transition towards westernized diets and sedentary
lifestyles. The nutrition transition is fueled by socioeconomic
and technological development as well as globalization and
accelerated urbanization [1]. Among the nutrition-related
NCDs, diabetes is a major concern because its prevalence is
rapidly increasing worldwide and particularly so in develop-
ing countries. Nearly 387 million people were affected in 2013.
This number is expected to reach 592 million by 2035, with

the Middle East, South East Asia, and Africa showing the
fastest increase in the number of cases [2]. According to the
International Diabetes Federation, 80% of people suffering
from diabetes live in low- and middle-income countries.
Diabetes is associated with several complications, leading to
morbidity, disability, and premature mortality [2, 3]. Type 2
diabetes (T2D) is by far the most common form of the disease.
Diabetes also entails a heavy economic burden for patients,
households, and healthcare systems [4, 5].

T2D is a lifestyle disease, which can and should be
prevented by intensive lifestyle interventions, characterized
by changes in dietary habits and increased physical activity.
Indeed, lifestyle interventions at the prediabetes stage have
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proved successful at reducing the incidence of T2D by
28.5% to 58%, in China (Da Qing), India (Indian Diabetes
Prevention Program: IDPP-1), Finland (Diabetes Prevention
Program, DPP), and the United States (Diabetes Prevention
Program and Outcomes Study, DPPOS) [6-8]. Weight con-
trol is key to the prevention and management of diabetes
independent of dietary composition [9]. As obesity is a major
risk factor for T2D, lifestyle interventions aimed at weight
loss or control are also critical to prevent T2D. Except for
India and China, few studies have been conducted to date
on diabetes prevention programs in low- and middle-income
countries. In developed nations and even more so in low-
resource countries, healthcare spending is a critical economic
and political issue [10]. A recent World Health Organi-
zation report recommended addressing common lifestyle
risk factors for NCDs, considering their cost-effectiveness,
and their relative ease, and speed of implementation [11].
In resource-limited settings in particular, decision makers
require information on the economic burden of NCDs,
particularly T2D, and of the potential added value of lifestyle
interventions for health and development. The economic
evaluation of various preventative interventions is important
in view of the urgent need for developing countries to set
these NCDs as a public health priority, of the rapid increase
in diabetes prevalence and of substantial variations in lifestyle
intervention components and delivery.

There are limited systematic reviews on this topic and the
most recent ones covered the period of 1985-2008 [12, 13].
Most economic evaluations of T2D prevention programmes
pertained to developed countries partly owing to lack of
relevant data in developing countries, while cost-effectiveness
tends to be context-specific [14]. Our objective was to review
economic evaluation studies of lifestyle interventions for
the primary prevention of T2D and also for the control of
obesity as key risk factor, based on data published since 2009.
This review was intended to update knowledge on the cost-
effectiveness of T2D prevention.

2. Methods

2.1. Search Process. In order to identify all relevant studies
performing an economic evaluation of lifestyle interventions
to prevent T2D and for obesity control, we searched the
following databases: PubMed, Medline, the British National
Health Services Economic Evaluation (NHS EES), CINHAL,
Econ Lit, Web of sciences, EMBASE, and Latin American
and Caribbean Health Sciences Literature (LILACS). We
restricted our search to studies published in French, English,
or Spanish between January 2009 and December 2014 as pre-
vious systematic reviews included studies published between
1995 and 2008. We used medical subject headings (MeSH)
and other relevant terms to the topic as major constructs to
build our search strategy. The MeSH or other relevant terms
are related to economic, diabetes, and intervention con-
structs. To combine these, we used boolean operators “AND”
and “OR” as appropriate. In addition, the reference lists of
all included studies were scanned to identify any additional
potentially relevant reports. For example, the PubMed search
combined (i) “Cost-benefit-analysis (MeSH)” OR “Costs and
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cost-analysis (MeSH)” OR “Cost-benefit (title)” OR “Cost-
effectiveness (title)” OR “Cost-utility (title)” OR “Economic
evaluation (title)” AND (ii) “Type 2 diabetes (MeSH)” OR
“Non Insulin dependent diabetes (MeSH)” OR “Gestational
diabetes (MeSH)” OR “Obesity (MeSH)” OR “Impaired
glucose tolerance (title)” OR “Prediabetes (title)” AND (iii)
“Diet (MeSH)” OR “Physical activity (MeSH)” OR “Diet
therapy (MeSH)” OR “Lifestyle (MeSH)” OR “Risk reduction
behaviour (MeSH)” OR “Prevention (title)” OR “Lifestyle
modification (title)” OR “Lifestyle advice programme (title)”
OR “Non pharmacological prevention (title)”. Appendix
shows the majors constructs used in our search strategy.

2.2. Study Selection. In order to select the relevant studies
for this review, we screened titles and abstracts using a
three-stage process. At the first stage, two authors (Kofh
Alouki and Clara Bermudez-Tamayo) independently selected
studies based on abstracts and titles. They rejected clearly
irrelevant titles, abstracts only, and duplicates. They cross-
checked their results and retained candidate studies for full
paper screening. Finally, studies were screened by reading
the full papers. Through this process, the same coauthors
resolved the disagreements. On the basis of full assessment
and discussion of each study, they jointly selected the studies
that were to be included in the review. This review was not
blinded.

The study selection was guided by the following inclusion
criteria:

(i) Original research articles published in peer-reviewed
journals were candidates for inclusion.

(ii) Type of economic evaluation: the selected studies
conducted a full economic evaluation as defined by
Drummond et al. [47]. “Full economic evaluations”
are studies in which a comparison of two or more
treatments or care alternatives is undertaken and in
which both the costs and outcomes of the alternatives
are examined in terms of cost-effectiveness, cost-
utility, or cost-benefit analyses.

(iii) The participants: the population groups targeted for
the primary prevention of T2D were adult subjects
(over 18 years old) who were at high risk of develop-
ing the disease because of obesity, impaired glucose
tolerance, impaired fasting glycaemia, or gestational
diabetes.

(iv) The interventions: we considered dietary modifica-
tions or physical activity or both to prevent T2D or
control obesity.

(v) The comparison: any comparison arm or group used
against the lifestyle intervention was accepted for this
review.

(vi) Outcomes: these were cost per QALY (Quality
Adjusted Life Years) gained, cost per life year gained,
cost per DALY (Disability Adjusted Life Years)
averted, cost per diabetes case averted, and other
relevant outcomes.
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(vii) Studies published between January 2009 and Decem-
ber 2014.

(viii) Studies that were published in English, French, or
Spanish.

2.3. Data Extraction and Synthesis. The first reviewer (Kofhi
Alouki) extracted data using a standardized data extraction
form built according to the Consolidated Health Economic
Evaluation Statement (CHEERS) [15]. The second reviewer
(Clara Bermudez-Tamayo) checked that the extracts and
discrepancies were resolved through discussion. A third
reviewer was not necessary as all queries were resolved by
consensus. Data extracted included the type of economic
evaluation, subjects’ characteristics (e.g., age, biological and
anthropometric characteristics), intervention details (e.g.,
duration, location, intensity, and mode of delivery of the
intervention), comparator, analytical model used, effective-
ness data, sensitivity analysis, and reported outcomes relevant
to the review. Fields extracted are summarised in Table 1.
There are some trial-based type studies while others relied
on model-based studies or previous trial results to extrap-
olate by using modeling techniques, something which was
previously highlighted in the literature [10]. The interventions
compared, the population groups targeted, and the outcomes
reported also varied across studies. For these reasons we
chose a narrative approach for this systematic review, as is
usually done for systematic reviews of economic evaluations.

2.4. Assessment of Study Quality. We used the British Medical
Journal (BMJ) quality assessment checklist, a 36-item scale,
to assess the quality of the studies [36]. This checklist was
developed with the aim of standardizing the presentation of
study data, thereby contributing to the quality of economic
evaluations. We also assessed any risk of bias due to conflicts
of interest or sponsorship of studies. Each item was answered
by “No” or “Yes” or “Not applicable.” We gave a score of 0 if
the answer was “Yes” and 1 if it was “No.” Then we summed
up the number of “No” responses to obtain a global score in
which a higher score represented poorer quality. Two review-
ers (Koffi Alouki, Clara Bermudez-Tamayo) conducted this
operation independently and disagreements were resolved
through discussion. Quality rating was used to interpret the
results but no study was excluded on this basis.

3. Results

3.1. Overview of Studies. The stages of the search process are
illustrated in the flowchart of Figure 1. The search yielded 176
abstracts. After reviewing the abstracts, subsequent reference
tracking, and excluding duplicate articles, we narrowed the
focus to 56 candidate studies having performed an original
economic evaluation. Further review of the full text resulted
in 20 studies that met our inclusion criteria. Table 2 sum-
marizes the retained study characteristics and the analytical
approach used. The studies were conducted in the UK,
USA, Canada, Australia, Germany, Finland, the Netherlands,
Singapore, Sweden, and China. Three studies performed
only a cost-effectiveness analysis while 13 studies assessed

only cost-utility. The four remaining studies combined cost-
effectiveness and cost-utility analysis. There were 10 studies
using a Markov-type model or a decision tree, or both,
to make projections of the evolution of T2D [22-24, 26-
29, 31, 33, 35]. Seven studies performed trial-based analyses
[16-21, 30]. The period for which the potential benefit of
the intervention was simulated ranged from three years to
lifetime. The two studies targeting women with gestational
diabetes were conducted throughout pregnancy [20, 31]. In
eight studies [16, 17, 22, 23, 25, 27-29], data on efficacy
and effectiveness used in simulations were drawn from
the major randomized controlled trials on T2D prevention:
DPPOS [37], DPP [38], and Da Qing [39]. In a further six
studies, effectiveness data was based on synthesis of multiple
studies [24, 31-35]. Six of the 20 studies used effectiveness
data from a specific intervention conducted in the same
country where the economic evaluation was carried out
[18-21, 26, 30]. The items included in the cost calculations
were obviously dependent on the study perspective. The cost
to the healthcare system only or to the whole society was
generally considered. Only two studies adopted a third payer
perspective. The costs and the effectiveness were discounted
using rates varying from 3% to 5% according to the countries.
To test the robustness of the results, a sensitivity analysis was
performed in most studies. It was not possible to identify the
source of funding for only one study [27]. Among the other
19 studies, four had not reported any funding. Most studies
(16/20) were funded by public agencies.

3.2. Description of Interventions. The interventions included
in this review varied from the simple provision of information
to active behaviour change schemes. The lifestyle changes
described across studies pertained to diet, physical activity,
or both. In some cases, the screening of subjects at high risk
preceded the interventions without explicitly taking account
of the screening in the cost calculations [17, 18, 24]. Of 10
model-based studies, seven simulated interventions based on
the DPP [23-25, 28, 29] or the China Da Qing study [22, 27].
The DPP intervention goal was to achieve and maintain
a weight reduction of at least 7% of initial body weight
through diet and physical activity of moderate intensity, such
as brisk walking for at least 150 minutes per week. The
DPP program included a lifestyle curriculum, taught by case
managers on a one-to-one basis during the first 24 weeks after
enrollment. The teaching was flexible, culturally sensitive,
and individualized. Subsequent individual sessions (usually
monthly) and group sessions with the case managers were
designed to reinforce the behavioral changes. The aim of
nutritional counselling was to help the participants achieve
a diet containing 10% of total energy intake as saturated fats,
5-10% as polyunsaturated fats, 25-30% as total fat (saturated,
monounsaturated, polyunsaturated, and trans fatty acids),
and 25 to 35 grams of fibre per day. One study described
a commercial program consisting of a low-calorie diet and
physical activity advice [31]. One study carried out the eco-
nomic evaluation of the “DASH” diet (Dietary Approaches
to Stop Hypertension) or a “low fat” diet [33] to reduce the
disease burden related to excess body weight. The “DASH”
diet emphasizes reduced consumption of fat, red meat,
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Records identified through
database and bibliography search
(n=176)

Journal of Diabetes Research

Records excluded (n = 83)

Reasons for exclusion

Candidate studies exported to
ENDNOTE (n = 93)

Published before 2008 (1 = 8)
Duplicates (n = 75)

Studies excluded (n = 37)

Reasons for exclusion

Language (Hungarian) = 1

Type 2 diabetes subjects (n = 6)
Incomplete economic evaluation (n = 9)

Study protocol only (n = 7)

Full text assessed for eligibility
(n = 56)

Review (n =9)
Subjects aged less than 20 years (n = 3)
Abstract only (n = 1)

Pharmacological intervention (n = 1)

Studies excluded (n = 36)
Reasons for exclusion

Not full economic evaluation (n = 5)

Studies included in the review
(n =20)

Study protocol only (n = 2)

Not original research (n = 3)

Type 2 diabetes subjects (n = 5)
Pharmacological intervention (n = 4)
Subjects aged less than 20 years (n = 2)
General population (1 = 9)

Drug and lifestyle (n = 1)

Screening only (n = 3)

Mental health study (n = 1)

Cost-consequence analysis (n = 1)

FIGURE 1: Flowchart of overall systematic search process.

sweets, and sugar-containing beverages, and the program
recommends 180 minutes per week of moderate intensity
physical activity. Individual or group sessions were held every
4 to 8 weeks. One study performed the economic analysis
of lifestyle changes achieved through e-learning devices [32].
Another economic evaluation from the United Kingdom was
conducted on a program focusing on very low-calorie diets
[34]. Two studies reported on the economic evaluation of
interventions consisting solely of physical activity [21, 35].
The first one was based on exercise referral schemes [40].
It took the form of a structured programme of exercise in
a fitness centre and incorporating monitoring of individ-
ual performance. The second study pertained to sessions
of physical activity that included 60 minutes of walking
in addition to exercise. The exercise sessions consisted of
aerobic and strength exercises. Depending on the studies,

the comparison (or control) interventions were common
standard care, placebo, metformin (850 mg twice daily), or
simple advice in writing for physical activity and nutrition.

3.3. Analysis of Costs. Reported costs depended on the
chosen perspective, the nature of the intervention, the target
population, and the time horizon. The various costs are
shown in Table 2. There is no consistency across studies in
the items included to estimate the costs of interventions.
All studies considered direct costs including medical costs
[16, 17, 20-23, 25, 30]. Medical records were the most
common source for data on diabetes and complications.
Generally, the direct medical costs were copayment fees
for treatment, diagnostic testing, prescription drugs, and
medical supplies. The direct costs also included the costs
of visits to healthcare providers and exercise physiologist
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and metformin cost for controls. Direct nonmedical costs
pertained to services such as transportation of subjects and
family members to clinics, as well as special food in some
instances. Lost income for the patients and their families and
the costs of hiring nurses or care providers were recorded
as indirect costs. Four studies [18, 20, 21, 23] reported on
the estimated cost of productivity loss. In four of the 20
studies [22, 24, 25, 29], cost estimates were only presented
as category totals, without breakdown into individual items
and without a separate presentation of the resources needed
for the interventions. Two studies described the unit costs
of various resources, using the ingredient approach [27, 28].
Physical quantities of necessary inputs were counted and
multiplied by unit prices to obtain total costs [41]. Pricing
sources were reported in all studies. For most studies, price
data came from healthcare facilities, from patient records, or
else from estimates based on published data. Other costs such
as transport were self-reported by the subjects. Seven studies
recorded costs alongside the trials [17-19, 21]. Except for four
studies [18-21], all studies discounted the costs by 3% to 5%.

3.4. Effectiveness Data. The effectiveness data were usually
derived from major randomized controlled trials on T2D
prevention [7, 17, 19, 38, 39]. Nearly one-third of studies
estimated effectiveness based on meta-analyses or literature
reviews [24, 31-35]. More than half the studies expressed
intervention benefits in terms of QALYs gained. Three out of
the 20 studies reported effectiveness as DALYs averted [24, 31,
33]. Diabetes cases averted by the interventions were reported
in two studies [19, 24]. Another study estimated the delay in
progression to T2D attributable to the lifestyle intervention
[28]. One study reported change in utility as an outcome
measure, based on the 15-dimension questionnaire tool (15D)
to assess quality of life but without conversion to quality
adjusted life years [20]. Several tools were used to assess
the effects of interventions. Three studies used disability
weights. Nine studies (9/20) used the EQ5D (EuroQoL 5-
Dimension tool), three studies used the QWB-SA (Quality of
Well Being-Self-Administered), two studies used the HRQoL
(Health Related Quality of Life) system, one study used the
VSA (Visual Scale Analog), and one study used the 15D or
SE-36 (36-item short form survey instrument). Long-term
assumptions about effectiveness were dissimilar. In some
cases, the key assumption was that the expected effects of the
intervention were for the short term with a linear decrease in
effectiveness following the intervention [27]. Another study
projected the same effectiveness during the whole duration
of the time horizon projected. The probability of progressing
from prediabetes to T2D in all studies using modeling tech-
niques was always lower in the intervention arm consisting
of lifestyle intervention than in the comparison arm, whether
placebo, usual care, or metformin treatment. Assumptions
regarding the effectiveness of screening were needed when
screening was required before implementing interventions.
The studies reported sensitivity and specificity of screening
ranging from 75% to 100% [22, 25].

3.5. Cost-Effectiveness of Interventions. Cost-effectiveness
results are presented in Table 2. Compared with usual care,

placebo, or metformin, interventions based on lifestyle mod-
ifications were reported as cost-effective in 15 of 20 studies
(16, 17, 19, 22-30, 33-35]. The conclusions are usually based
on the incremental cost-effectiveness ratio as applied in the
study countries. One study considered the WHO threshold
to decide on the cost-effectiveness [23], according to which
intervention is considered highly cost-effective when the
ICER is below the GDP (Gross Domestic Product) per capita
and cost-effective when the ICER ranges from 1 to 3 times
GDP per capita. When a strategy improves health outcomes
at lower cost, it is considered to be dominant and it is
obviously preferred as cost-effective. Those interventions that
are less effective and more costly (considered as dominated
interventions) or more costly and more effective but with
a resulting more expensive ICER would unlikely be cost-
effective; these studies were considered inconclusive. Three
studies revealed that the interventions were dominant [17,
22, 27]. However, the results reported in four studies were
less favourable. Oostdam et al. [21] reported that a lifestyle
intervention implemented during 32 weeks and targeting at-
risk pregnant women in Germany was not cost-effective.
Similar results were also reported in another intensive
lifestyle intervention targeting at-risk pregnant women [20].
One study reported that a lifestyle intervention offered by
nurses was not more cost-effective in reducing T2D risk
than the control intervention consisting in the provision of a
general health brochure [18]. Johansson et al. [26] examined
the cost-effectiveness of lifestyle by sex and concluded that
intervention was only cost-effective among women.

Sensitivity analysis, which allows assessing the reliability
and the generalizability of the results [42], was performed in
all studies except one [34]. Over half the studies performed
univariate sensitivity analysis and eight studies performed
bivariate sensitivity analysis. Probabilistic sensitivity analysis
was used in ten studies [18, 21, 24, 26-29, 31, 32, 35]. The input
parameters that were analyzed through a range of assumed
values were discounted cost and outcomes (QALYs gained),
variations of intervention cost, variation of probability of
transition between disease states considered, the duration
of interventions, the size of the population at risk, and
performance and frequency of screening test. Although the
ICER was sensitive to changes in the above parameters, it
remained acceptable for most studies, except for the three
studies reporting that the intervention was not cost-effective
[20, 27, 31].

3.6. Quality Assessment. Based on the BMJ checklist, the
studies included in this review showed quality limitations
in reporting as shown in Figure 2. The number of such
limitations varied from 1 to 5. Only one study [19] had no
methodological shortfall. Out of the remaining 20 studies,
15 presented at least two methodological limitations and
five studies showed only one. More than half (12/20) of
studies did not address the issue of generalizability. The
justification of the parameters used for the sensitivity analysis
was presented by only few studies. The models of five studies
were not fully described or their choice was not justified.
Three studies did not explicitly declare potential conflicts of
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FIGURE 2: Limitations of studies as result of quality assessment.

interest. Eight studies did not report separately the resources
for the interventions and their unit cost.

4. Discussion

The purpose of this systematic review was to describe
economic evaluations of lifestyle interventions to prevent
T2D or control obesity in high-risk population groups and
which were carried out since 2009. Our review was focused
exclusively on interventions targeting at-risk adult subjects.
Lifestyle interventions in communities and schools for the
primordial prevention of T2D were excluded as a recent
review reported on their cost-effectiveness [13]. We identified
20 studies, mostly conducted in developed countries. Our
results confirmed those of former reviews [12, 13], which
concluded that lifestyle interventions through physical activ-
ity or diet or combining both were generally cost-effective,
with a few exceptions. In our review, five out of the 20
studies were inconclusive. There was a trend for a higher
proportion of interventions targeting the prevention of T2D
compared to those focusing on obesity to be cost-effective
(11/14 versus 4/6, resp.). The inconclusive studies [18, 20,
21, 31, 32] included one on the prevention of T2D, two
on the prevention of gestational diabetes among pregnant
women, and two on obesity control. These studies were more
costly with less effectiveness or more costly with higher
effectiveness but resulting in a more expensive incremental
cost-effectiveness ratio compared with standard care (or
control treatment). Three of the seven studies conducted
within trial were nonconclusive compared with three of the
13 studies based on models. This would suggest that model-
based studies tend to overestimate cost-effectiveness. The
short duration of some studies may also explain the absence
of significant changes in the outcomes. Another inconclusive
study pertained to an e-based intervention, which may
not induce enough motivation for change. Overall, there
was considerable heterogeneity in the nature of lifestyle
interventions across studies, which hampered comparisons
and possibly contributed to the inconsistencies in outcome
findings. Study results could be influenced by intervention
components, selection of participants, and methodological
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and modeling choices [43]. Additionally, thresholds of cost-
effectiveness varied across countries and studies.

4.1. Which Outcomes, Which Costs, and Which Time Hori-
zon? Few studies evaluated effectiveness in terms of QALY
although it is known that diabetes is associated with deterio-
ration of the quality of life. QALY is a relevant parameter that
allows comparisons of the burden of disease in terms of qual-
ity and quantity [44]. Most studies of this review used EQ-
5D and few used HRQoL and SF-36. Preference-based health
state classification systems were preferred in most studies to
objective methods of evaluation of health states. McDonough
and Tosteson [45] showed that, among studies that compared
alternative preference-based systems, the EQ-5D tended to
provide larger change scores and therefore more favourable
results than the Health Utility Index (HUI), while the SF-6D
provided smaller change scores and therefore less favourable
ratios than the other systems. Hence, the choice of outcome
as a measure of effectiveness has an impact on reported
results. All studies reported costs in local currency and prices.
Cost variations were due primarily to the chosen perspective
(societal/health system or third party), to the various inputs
for the interventions, and to differences of care unit costs
across countries. The lifestyle interventions involved several
health professionals, which explains the higher costs of these
interventions compared to controls. In some but not all
simulation studies, the costs of health infrastructure and
training of personnel were also provided. Such inclusive costs
would be particularly useful for low-resource countries where
health systems are ill-prepared to tackle a chronic disease like
T2D [46]. Few studies complied with the recommendation
to present quantity and unit cost of inputs separately from
total cost as advocated in the guidelines [36], resulting in
lack of the information required for the replication of the
intervention in other settings. Additionally, the reported costs
were often incomplete. For instance, if a societal perspective
is adopted, the costs related to lost productivity, premature
mortality, and permanent and temporary disability should
be computed which is not always the case. As stated in the
guidelines [47, 48], the future costs beyond one-year time
should be discounted, which was done in most studies and
using different discount rates. Some interventions did not
use discounting due to their short duration. Although the
selected rates were not justified in most studies, they probably
reflect the fact that there are no universally accepted discount
rates for economic evaluations studies [47]. The time horizon
should be long enough to capture any significant difference
between the intervention and the comparison groups in terms
of costs and outcomes [48]. Yet, it appeared too short in
some studies to appraise and capture long-term impact of
interventions. Particularly, in the management of obesity or
gestational diabetes, the inconclusive results may be partly
ascribed to too short interventions to capture the long-
term benefits. The costs for treating T2D complications are
onerous, and the temporal horizon of some studies based on
model assumptions cannot guarantee that the complications
will not appear later on. The conclusions regarding cost-
effectiveness should therefore be taken with caution. Weight
loss is also an objective of T2D prevention interventions.



Journal of Diabetes Research

However, without sustained compliance of subjects with
advocated lifestyle changes, weight regain over the long-term
can alter the quality of life and impinge on the estimated
cost-effectiveness of interventions. Considering exclusively
the short-term effects of obesity control interventions can
indeed be misleading [49]. For this reason, it is not impossible
that the cost-effectiveness of some interventions reviewed
here and focusing on obesity was overestimated.

Trial-based studies limited the results of interventions to
health gains over the course of the intervention. In contrast,
studies supported by models were based on assumptions on
a longer temporal horizon. This approach, however, would
omit taking into account other relevant events that may occur
later on that will have an impact on the costs and on the
quality of life or other outcomes [10]. Additionally, the nature
of the model inevitably has a bearing on the estimated cost-
effectiveness of the interventions.

4.2. What about T2D Modeling? The analytical models varied
across studies. Modeling diabetes evolution showed varia-
tions among studies with regard to the shift from normal
glycaemia to prediabetes and then to diabetes and finally
to the complications. With the exception of one study, the
models however seemed to be consistent with the natural
evolution of the disease as described in the literature [50].
The accuracy of the models is one of the criteria for sound
economic evaluations, and it reflects the ability to capture
the evolution of the pathology in a real situation [51, 52].
Yet, in some studies, the models showed complication states
without disclosing the nature of the complications. Another
limitation of most models is that complications are taken
separately into account while subjects living with T2D can
have several complications. Some studies [23, 25] did not
consider the likelihood of glycaemia returning to normal
in subjects with prediabetes. The simplification of analytical
models may not help to consider these subtleties during the
course of evolution of the disease in a real situation.

Most simulated interventions were based on epidemi-
ological studies of T2D prevention that provide the refer-
ence evidence for lifestyle interventions as relevant strat-
egy to prevent diabetes. The randomized controlled trials
that measured the long-term effects in real life situations
after cessation of the active intervention [37, 39] therefore
provide important new data for the simulation studies to
better estimate the long-term effectiveness of interventions
to prevent diabetes. However, the efficacy observed in con-
trolled experimental conditions is different from the expected
effectiveness in the real world because of subject selection,
recruitment, and follow-up and other factors that have a
bearing on economic outcomes [10, 53]. Moreover, in some
model-based studies, the at-risk subjects may not accurately
match the at-risk subjects of the original studies, so that
the assumed effectiveness in these studies is uncertain. The
effectiveness of interventions in the real world often falls
a long way short of the maximum efficacy shown in trials
[54]. For instance, a retrospective observational analysis of
overweight and obese subjects demonstrated that, compared
with the 58% reduction in risk of progression to diabetes
seen in the DPP trial, risk reduction for incident diabetes

1

in subjects who participated in the study in an intense and
sustained way was lower [55]. The effectiveness was also
shown to vary according to the setting of the intervention
[56].

4.3. Quality of Studies. Assessment of quality of studies
revealed methodological shortcomings. Most articles lacked
one or several reporting items of the BM]J checklist for
quality of economic evaluation studies although this checklist
was issued before these studies were conducted. Another
limitation observed is the lack of a clear description of the
models [34], while the guidelines recommend transparency
in their description [47]. In some cases, the models did not
adequately capture the natural history of the disease, leading
to questionable conclusions. Conversely, in another study
[27], the model did not include the complication state, which
would have been relevant in the natural history of diabetes.
However, although we performed an evaluation of the quality
of studies, we deliberately chose not to exclude any study on
that basis. In any case, excluding the poorer quality studies
would not have altered the conclusions.

4.4. Strengths and Weaknesses of the Review. We used a com-
prehensive electronic search strategy using preestablished
criteria in common medical literature databases. As all studies
are not referenced in electronic databases, we revisited the
bibliography of each selected study to ensure that our search
was exhaustive. Two reviewers cross-checked the database
to identify the relevant studies. At variance with previous
reviews on the economic evaluation of T2D prevention stud-
ies, ours also included intervention studies targeting obesity
as main risk factor for T2D and not only the interventions
aiming directly at T2D prevention. Our review also updates
the results of these former reviews. Ours also encompassed
the assessment of study quality based on the BMJ guidelines
designed for the critical appraisal of economic evaluation
studies. We adopted a dichotomous scale for each item,
however, which does not reflect the level of completeness
of the information reported for each item considered. It is
also recognized that limiting the candidate studies to those
published in French, English, and Spanish is a potential
source of publication bias. Due to the heterogeneity in the
methods and results of the different studies, we were not able
to perform a meta-analysis, which is usually considered the
“gold standard” but which is not often feasible with economic
evaluation studies.

5. Conclusion

The present review on the cost-effectiveness of lifestyle mod-
ification interventions showed, with only a few exceptions,
that these interventions targeting adult subjects at high risk
for diabetes were cost-effective despite different assumptions
regarding disease progression and variations in the delivery
of these interventions. The results are consistent with con-
clusions of former reviews, confirming the importance of
lifestyle interventions combining diet and physical activity
to prevent diabetes in at-risk population groups. This review
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TABLE 3: List of combinations of terms used for research studies in the database.

Economic concepts

Type 2 diabetes concepts

Intervention concepts

MeSH terms
Diet
Cost-benefit analysis Type. 2 dljabetes mellitus . ] P I}ysmal activity
Cost and cost analysis Noninsulin dependent diabetes mellitus Diet therapy
Gestational diabetes Lifestyle

Risk reduction behaviour

Title terms

Cost-effectiveness
Cost-utility
Economic outcomes
Cost outcomes
Economic evaluation
Cost

Prediabetes

Impaired glucose tolerance

Prevention

Lifestyle modification
Nonpharmacological prevention
Primary prevention

Nutritional intervention
Dietary intervention

Nutrition counselling
Prevention programme

Lifestyle advice programme

also broke new ground by assessing the methodological
limitations of the economic evaluations and the quality of
reporting, to aid in interpretation of results. Lifestyle inter-
ventions should be further stressed as an effective strategy
to prevent or delay diabetes. Unfortunately, few studies have
been conducted in resource-poor countries in spite of a dire
need for such data, and the findings from developed countries
are not entirely relevant. Future research should address the
effectiveness and cost-effectiveness of such interventions in
low-income country settings, where the prevalence of T2D is
soaring. Meanwhile, the data of the present review provide
compelling arguments for policy makers to implement mea-
sures to prevent T2D.

Appendix
See Table 3.
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